The relation between occlusal force and general motor ability induced by lower-limb musculature is unclear. To identify indicators of oral and lower-limb muscle weakness, this study examined the relation between masticatory muscle strength and lower limb muscle force in 742 community-dwelling elderly adults (315 men and 427 women, mean age 73.3 ± 5.5 years) living in Itabashi ward, Tokyo. Multiple regression analysis of the relation between occlusal force and knee extension torque, in relation to age and sex, showed a significant correlation between the two variables (r = 0.348, P < 0.001), which indicates that occlusal force is a determinant of knee extension torque. Occlusal force remained significantly correlated with knee extension torque after adjustment for factors known to be related to the latter. In conclusion, chewing function and lower-limb motor function were significantly correlated and thus might be indicators of muscle weakness in elderly adults.
Introduction
Adequate masticatory function contributes to long lifespan [1] and is significantly associated with quality of life in older adults [2] . Decreased chewing ability not only reduces the pleasure of eating-it can worsen quality of life in older adults [3] .
The most important factor in masticatory function is the number of remaining teeth [4] . The Japanese 8020 movement for oral health, initiated in 1989, has increased the number of elders with more residual teeth [5] . However, factors other than number of teeth, such as reduced tongue pressure and occlusal force, are also indicators of decreased chewing ability [6, 7] . Therefore, functional aspects such as muscular strength need to be considered when evaluating masticatory function.
Muscle strength decreases with age, and studies have shown an agerelated correlation between walking speed and skeletal muscle mass [8] . Furthermore, lower-limb muscle weakness is a significant risk factor for falls [9] , which can increase the need for long-term care [10] . Recent studies have highlighted the importance of sarcopenia [11, 12] , i.e., the agerelated reduction in muscle mass and strength. Thus, investigating muscle strength in elderly adults is a critical issue in geriatrics.
Diminished oral function, including masticatory function, was reported to be a risk factor for physical disability, including sarcopenia and nursing care [13] . However, the mechanisms by which oral function is associated with physical disability are not well understood. Previous studies reported a significant association between occlusal force and grip strength [7] ; however, no study has directly examined the relation between lower-extremity strength and occlusal force, which is directly related to daily life. Moreover, studies have shown that age-related muscle weakness occurs earlier in the lower extremities than in the upper extremities [14] . Therefore, clarifying the relation between occlusal force and lower-extremity strength may help in understanding the role of masticatory function in muscle strength and healthy life expectancy.
To clarify the association between masticatory function and whole-body muscle strength, this study examined the relation between occlusal force and knee extension torque (KET), an indicator of lower-limb strength.
Materials and Methods

Participants
The participants were 1,380 men and women aged 65 years or older, living in Itabashi ward, Tokyo, and were randomly selected from the Basic Resident Register in 2011-2013. They were invited to undergo a comprehensive health examination; residents of long-term care facilities were excluded. Ultimately, 791 elderly adults who consented and underwent a comprehensive outpatient medical examination at Tokyo Metropolitan Geriatric Hospital or the Institute of Gerontology, Itabashi ward, Tokyo, in October 2013, were included in the study. Of those, 742 (315 men and 427 women; mean age: 73.3 ± 5.5 years) with complete information related to oral cavity exams and KET were included in the analysis. To ensure reliability of subjective assessments, 24 participants with Mini-Mental State Examination (MMSE) scores lower than 24 were excluded from the analysis.
Study variables Oral variables
Occlusal force: Occlusal contact was recorded with a pressure-sensitive sheet (Dental Prescale 50H type R, GC Corporation, Tokyo, Japan), followed by analysis of occlusal conditions, including occlusal force, with an Occluzer scanner (Fujifilm Corporation, Tokyo, Japan). The participants were instructed to sit with the Frankfurt plane parallel to the floor. The recording was performed once, after instructing the participants to bite the sheet as hard as possible in the intercuspal position [15] . For participants using dentures, the recording was performed while they wore their dentures.
Number of existing and functional teeth: The number of existing teeth was defined as the number of teeth in the oral cavity; residual roots were excluded from the count. The number of functional teeth was defined as the number of existing teeth plus the number of prosthetic teeth in fixed partial dentures, removable dentures, or implants [4] .
(InBody, Seoul, Korea) body composition analyzer uses bioelectrical impedance analysis to measure the appendicular skeletal muscle mass index, [16] as follows: appendicular SMI (kg/m 2 ) = appendicular muscle mass (kg)/height (m 2 ).
Grip strength: A Smedley-type hand dynamometer (As One Corporation, Osaka, Japan) was used to measure grip strength twice, and the higher value was recorded.
KET: KET was measured with a dynamometer (Isoforce GT610S Dynamometer, OG Wellness Technologies Co., Ltd., Okayama, Japan). The maximal isometric knee extension strength was measured from the initial sitting position, i.e., the flex of the knee joint at 90°. The distance from the knee joint space to the lateral malleolus was measured, and KET was calculated by multiplying the distance and gravitational acceleration by the maximal isometric knee extension strength (KET [Nm] = maximal isometric knee extension strength × (knee joint space − lateral malleolar distance) × 9.8 [m/s 2 ]). KET was measured twice, and the higher value was used in the evaluation.
Gait speed: The participants were asked to walk alone along a 16-m walking path (a 3-m acceleration section, 10-m measurement section, and 3-m deceleration section). The start time was the time at which the participant was in the swing phase (the state in which one foot was removed from the ground), and the end time was the time point at which the 10-m measurement section was completed. Gait speed was defined as the rate at which the 10-m distance was covered.
Other covariates
Information on age, sex, and general medical history (hypertension, stroke, heart disease, diabetes, hyperlipidemia, osteoporosis, hip osteoarthritis, knee osteoarthritis, history of fracture, and depression) was collected during interviews with the participants. Biochemical data (hematological examination results, hemoglobin levels, total cholesterol, and serum albumin levels) were determined by blood testing [17] . Cognitive function (MMSE) [18] , depressed state (Zung Self-Rating Depression Scale: SDS) [19] , daily living function (Tokyo Metropolitan Institute of Gerontology Index of Competence) [20] , and fall-related self-efficacy scale [21] were also investigated.
Statistical analysis
Because the data were not normally distributed, Spearman correlation analysis was used to measure correlations between study variables. Although the present study design did not permit identification of causative factors, multiple regression analysis was used to clarify the extent to which the identified factors were related to KET, with KET as the objective variable. For explanatory variables, variables significantly correlated with KET were selected. SPSS 20.0J for Windows (IBM, Armonk, NY, USA) was used for statistical analysis, and statistical significance was defined as a P value of <0.05.
Ethical considerations
The present study was approved by the institutional review boards of Tokyo Metropolitan Geriatric Hospital and Institute of Gerontology (approval No. H48, 2011) and Nihon University School of Dentistry at Matsudo (approval No. EC14-027). Informed consent for study participation was obtained from all participants. Table 1 shows the demographic and clinical characteristics of the participants. Mean ± SD KET and occlusal force were 103.0 ± 31.9 Nm and 528.0 ± 365.8 N for men and 64.5 ± 17.7 Nm and 312.6 ± 223.9 N for women, respectively. Table 2 shows the correlation coefficients between KET and each variable. The correlation coefficient between KET and occlusal force was 0.348, indicating a significant positive correlation (P < 0.001). Table 3 shows the results of multiple regression analysis with KET as a dependent variable and the variables with a significant correlation in correlation analysis as independent variables. Grip strength (a muscle strength indicator similar to the target variable, KET) was excluded to avoid multicollinearity (the correlation coefficients for grip force and appendicular SMI were 0.74 and 0.72, respectively). Multiple regression analysis showed that the extracted factors related to KET were age, sex, SMI, gait speed, albumin, fall-related self-efficacy scale score, and occlusal force (adjusted R 2 = 0.584). Occlusal force remained associated with KET even after adjustment for factors known to be related to KET.
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Discussion
This is the first study to examine the relation between occlusal force (which is related to mastication) and KET (an indicator of lower-extremity muscle strength) in community-dwelling elderly adults. Previous studies of the relation between masticatory function and general motor function in older adults examined correlations between masticatory ability and sarcopenia [22] and between the thickness of the masseter muscle (a masticatory muscle) and appendicular skeletal muscle mass [23] . The correlation between occlusal force and grip strength [7] has also been reported. However, occlusal force was not significantly correlated with lower-extremity muscle strength. The present results are similar to those of a previous study reporting a correlation between occlusal force and grip strength, an index of general muscle strength [7] .
A previous study reported that occlusal force was positively correlated with grip strength, which was used as an indicator of muscle strength [7] . Grip strength was also used as an indicator of muscle strength in sarcopenia diagnosis in studies reporting that muscle mass and muscle strength decreased with increasing age [11, 12] . However, muscle weakness develops earlier in the lower extremities than in the upper extremities [14] . Lower-extremity muscle weakness has also been reported to be a risk factor for need for long-term care [10] . Therefore, clarifying the relation between occlusal force and lower-extremity muscle strength might help elucidate the relation of masticatory function with healthspan and need for long-term care.
This study used KET as an indicator of lower-limb muscle strength. KET was previously used as an indicator of lower-extremity muscle strength during knee extension and was reported to be closely related to motor functions such as gait [24] . Occlusal force is an indicator of muscle strength during mastication and has been previously used as an objective indicator of masticatory function [25] . Age, sex, SMI (an indicator of muscle mass), gait speed, albumin, and fall-related self-efficacy scale scores were extracted as factors related to KET. Although age and sex are naturally related to muscle strength [8] , the correlation of lower-extremity muscular strength with muscle mass and nutritional status [26] suggests that the results are reliable, as does the correlation with gait speed [8] and fall [9] .
The masticatory muscle is believed to act as an anti-gravity muscle in stabilizing the position of the head [22] . Muscular strength in the lower limbs facilitates KET, which also counters the effect of gravity [27] . Occlusal force and KET are indicators used to evaluate anti-gravitational muscle. Thus, the relation between occlusal force and KET is considered to be due to antigravity muscle. This association is discussed in a previous study [22] .
KET was not associated with the number of existing or functional teeth. Hirano et al. reported that improved masticatory ability requires not only a greater number of existing teeth but also a greater number of functional teeth and good motor function [4] . However, in the present elderly adults, the mean numbers of existing and functional teeth were 20.1 ± 8.8 and 26.7 ± 3.8, respectively; thus, the number of missing teeth was not high. Some participants had non-removable prosthodontic devices (bridges for missing teeth). The present findings suggest that the numbers of existing and functional teeth were of limited importance. However, the present results may merely reflect the current status of older Japanese adults who have many existing teeth.
The present findings suggest that preventing a decrease in occlusal force limits the decline in lower-extremity muscle strength. Conversely, maintaining lower-extremity muscle strength may also be important in maintaining occlusal force. A prior study reported that occlusal force decreases as occlusal contact declines [28] . The associations of lowerextremity muscle strength with occlusal support, maximum occlusal force, soleus muscle strength, and laryngeal reflex were stronger when occlusal contact was ensured with dentures [29] . Other studies reported that denture wearing helps prevent falls [30] and improves nutritional status [31] . The present results support these earlier findings.
Most of the present participants walked or used public transportation to get to the examination site and demonstrated complete understanding of the content of the study invitation letter. They thus had considerable autonomy, cognitive function, and health interest, which is important when assessing the present results. Moreover, the present study did not collect information on habitual masticatory side (left or right), detailed morphological status, defects of prosthetic devices, or number of occlusal supports, all of which affect occlusal force; thus, additional studies are needed. Furthermore, although occlusal force is usually measured while dentures are worn, factors such as denture incompatibility may affect the results. The coefficient of determination (adjusted R 2 ) was 0.584, and the degree of conformity was sufficient; however, the present research design cannot determine causality. To identify any causal relationship between muscle strength and occlusal force, future longitudinal and interventional studies will need to investigate a broader range of ages and groups.
In conclusion, this cross-sectional survey of community-dwelling elderly adults found that, even after adjustment for other factors related to KET, occlusal force was significantly correlated with KET. This result suggests that decreased occlusal force might predict lower-extremity weakness and that early interventions should be developed to reduce fall risk and the need for long-term care. Maintenance of masticatory function may be essential for increasing healthspan and quality of life. 
